Using a structural factor-augmented VAR and a large novel database of daily time series, we examine the impact of unconventional monetary policy on financial and economic uncertainty. Our findings indicate that expansionary unconventional monetary shocks lead to large reductions in uncertainty across markets. A surprise unconventional monetary easing lowers equity market, policy, housing and mortgage market, exchange rate, and Treasury market uncertainty. Research results further suggest that these reductions in uncertainty differ in magnitude across asset classes and are largest for equity markets. Last, we find that these effects on uncertainty diminish quickly and dissipate after approximately 100 days.
1 stocks, a longer-run measure of uncertainty, and to economic policy uncertainty. For example, an expansionary unconventional monetary policy shock that lowers the yield on the 10-year Treasury by 10 basis points is associated with a reduction in the VIX index, a common measure of economic uncertainty in the literature (Bloom (2009) ), of nearly 16.3 points. 3 This result, which is highly significant, is also economically meaningful and large in magnitude as the standard deviation of the daily VIX index over the sample period was 10.5 points. Moreover, research results also suggest that the effects of unconventional monetary policy shocks on uncertainty differ in magnitude across markets and are largest for equity markets. A surprise unconventional monetary easing that reduces the yield on the 10-year Treasury by 10 basis points lowers uncertainty in equity markets by more than one standard deviation, but leads to a less than one standard deviation decrease in uncertainty in housing and mortgage markets, Treasury markets, exchange rate markets, and for economic policy uncertainty. Lastly, we also find that the effects of the policy shocks attenuate fairly quickly and nearly completely dissipate after 100 days, suggesting that multiple rounds of unconventional monetary easing may be needed in order to facilitate a period of low economic and financial market uncertainty like that experienced in the wake of the recent US Quantitative Easing program.
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In addition to the VIX index, our dataset includes a number of other implied volatility series that are used as uncertainty proxies in the markets for large-and small-cap stocks, technology stocks, US Treasuries, and exchange rates; three news-based measures that track policy, equity, and housing and mortgage market uncertainty; and 23 other variables spanning equity, debt, currency, and real estate markets that are used as controls.
The news-based uncertainty measures are compiled as in BBD and track the frequency of news articles that reference economic uncertainty in the context of economic policy, equity markets, or housing and mortgage markets. Together, the implied volatility and news-based variables allow us to capture changes in uncertainty across asset classes and ensure that our results are robust to uncertainty proxies constructed using different data methodologies.
The advantages of the FAVAR model in the assessment of unconventional monetary policy shocks on uncertainty are manifold. First, the FAVAR model allows us to entertain several proxies of uncertainty that span multiple asset classes and data methodologies all within a single econometric framework. Thus, through the FAVAR framework, we can study the effects of unconventional monetary policy on uncertainty in the various markets of potential importance to both practitioners and policymakers. Second, the FAVAR methodology accommodates numerous time series, yielding a model that minimizes the potential omitted variable bias issues often found in standard VARs and more accurately measures unconventional monetary policy shocks. 5 Further, our econometric framework allows us to combine the FAVAR model with an identification strategy that exploits the fact that dates of unconventional monetary announcements occur by an accident of the calendar and therefore are exogenously determined (Wright (2012) ). 6 Intuitively, our key identification assumption is that news regarding monetary policy shocks surfaces in a "lumpy manner" (Wright (2014) ). Technically, this assumption asserts that the variancecovariance matrix of VAR innovations is heteroskedastic across monetary policy event and non-event days. Overall, this identification strategy is beneficial for our purposes as it only requires the dates when monetary policy news was released and thus circumvents the need to measure market expectations regarding Fed monetary policy statements; an important feature in our application as measuring expectations for monetary policy across markets in the context of uncertainty would be a markedly difficult task. Last, our setup also allows for other shocks to occur on monetary policy event days and yields impulse response functions (IRFs) that describe the initial response and longer-run impact of monetary policy shocks. This latter benefit may be important during our sample period as some asset prices may react slowly to monetary announcements during times of low liquidity (Krishnamurthy and Vissing-Jorgenson (2011)).
Through this econometric approach, our aim is to quantify the total effect of unconventional monetary policy actions on uncertainty. These monetary policy actions are inclusive of large-scale asset purchases (e.g. Quantitative Easing (QE)), forward guidance regarding the future direction of monetary policy, and other policies pursued by the Federal Reserve over the recent period. Hence, our goal is somewhat different than event studies that also consider the effects of unconventional monetary policy. This paper builds on a large recent literature that attempts to measure the effects of unconventional monetary policy. 8 We extend the recent unconventional monetary policy literature and examine impact of unconventional monetary policy on uncertainty. In other related work, Bekaert, Hoerova, and Lo Duca (2013) examine the effects of conventional monetary policy on risk aversion and uncertainty using a four-variable structural monthly VAR. Bekaert, Hoerova, and Lo Duca do extend their baseline analysis to a sample that includes the recent financial crisis, but find that their results become less statistically significant for this full sample period. They note that this result is due to the difficulty in measuring unconventional monetary policy shocks. Overall, our paper extends Bekaert, Hoerova, and Lo Duca (2013) in two key directions: (1) We build a structural FAVAR model using daily data to assess the effects of unconventional monetary shocks on uncertainty during the recent period of economic and financial distress; and (2) our paper employs multiple measures of uncertainty, allowing us to asses the effects of unconventional monetary policy on uncertainty across markets and asset classes.
Lastly, our work also contributes to the growing recent literature that aims to determine the factors that lead to changes in economic uncertainty.
9 Indeed, we find that unconventional monetary policy shocks can lead to large changes in uncertainty, in that a surprise monetary easing that lowers the yield on the 10-year Treasury by 10 basis points reduces the VIX index, a widely used measure of uncertainty, by over 16 points.
Econometric Methodology
This section outlines our strategy to measure the impact of unconventional monetary policy on uncertainty. First, we discuss the FAVAR model of BBE and BGM. Section 1.1 below then describes our identification strategy based on the heteroskedasticity of the variance-covariance matrix of the VAR innovations across monetary policy event and non-event days.
To estimate the FAVAR model, this paper follows BBE and BGM and assumes that financial markets are affected by a set of fundamental interest rates, a vector of observed factors, and a basket of latent factors. Together, we assume that the latent and observed factors capture the dynamics of financial markets over the sample period. Prior to estimation, we first must select the key time series to be included in the set of observed factors. Here, our approach is based on Wright (2012) . More specifically, we let the set of observed factors consist of the 2-year Treasury, the 10-year Treasury, the five-year TIPS breakeven, the forward five-to-ten-year TIPS breakeven, and the Moody's Aaa and Baa seasoned corporate bond yields. These interest rate series are described in more detail below in section 2. In section 4, we consider a number of alternative specifications for the vector of observed factors in the estimation of our FAVAR model. Overall, these supplementary results are similar to those found throughout the rest of this paper.
After specifying the set of observed factors, we can then estimate the FAVAR model and identify the structural unconventional monetary policy shocks. First, let the set of informational time series be all time series in the dataset except for the variables that constitute the observed factors. Thus, the set of informational time series consists of 27 variables and includes our proxies for economic and financial uncertainty. We describe these variables and the entire dataset in more detail in section 2.
The first step in our estimation procedure is to extract a set of common components from the set of informational time series. Specifically, let X t be a de-meaned N × 1 vector of "informational times series" at time t that includes all variables in the dataset except for the series that constitute the observed factors. Moreover, assume that financial markets are affected by a (K + 6) × 1 vector of common factors, C t , that contains the latent and observed factors:
where F t is the K × 1 vector of latent factors and S t is the set of observed factors.
As suggested above, the common component, C t , is assumed capture the dynamics of financial markets over the sample period. Then, in accordance with step (1) above, we extract the latent factors and estimate the corresponding factor loadings via the following observation equation using principal component analysis:
6 where Λ is the N × (K + 6) matrix of factor loadings and e t is an N × 1 vector of idiosyncratic components. Here, we follow BGM and impose the constraint that S t is one of the common factors.
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Next, we use C t , the common component, to estimate a reduced-form VAR via the following measurement equation:
where Φ(L) is a conformable polynomial lag of finite order and v t is a (K + 6) × 1 vector of reduced-form errors. Moreover, as in Wright (2012), we let the reduced-form errors be a linear combination of the structural shocks:
where η i,t is the ith structural shock at time t and R i is a (K+6)×1 vector to be estimated.
As in Wright (2012), we assume that the structural shocks are independent over both i and t. Further, as is standard in the VAR literature, assume that the parameters Λ, Φ(L), and
are all constant over time.
Identification and Impulse Response
We identify the structural monetary policy shocks from equation 4 by assuming that the variance of the monetary shock differs across monetary policy event and non-event days as in Rigobon (2003) , Rigobon and Sack (2003 , 2004 , and Wright (2012) . The aforementioned events include all FOMC statements and major policy speeches. As noted above, our identification assumption relies on the fact monetary policy announcements occur by accident of the calendar and therefore are exogenously determined.
We order the structural monetary policy shock first (for convenience) and let the monetary shock have zero mean and variance equal to σ 2 1 on policy event days and σ 2 0
10 As in BGM, we impose this constraint using the following algorithm: (1) extract the first K principal components from X t , denoted F
t ; (2) regress X t on F (0) t and S t to obtainλ
S , the regression coefficient on S t ; (3) defineX on non-event days.
11 Our key assumption of heteroskedasticity across event and nonevent days thus asserts that σ
Further, assume that all other structural shocks are identically distributed with zero mean and unit variance on all days. This latter assumption relies on the notion that monetary policy announcements occur by an accident of the calendar so that the other structural shocks should be independent across monetary policy event and non-event days.
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To identify the structural monetary shocks and compute the impulse response functions, we first need to determine R 1 , the parameter vector that relates the structural shocks to the reduced-form errors. Let Σ 1 and Σ 0 be the variance-covariance matrices for the reduced-form VAR errors on event and non-event days, respectively. Then, from equation 4 we see that
Note that since (σ 
Here,V 0 andV 1 are the estimates of the variance-covariance matrices of vech(Σ 0 ) and vech(Σ 1 ), respectively. No other model assumptions are required as we are not attempting to identify the other structural shocks.
Next, we calculate the dynamic responses for the observed and latent factors based on the VAR described in equation 3 in the usual way. Then the IRFs for the variables that constitute the set of informational time series, X t , can be calculated by simply vector multiplying the factor loadings obtained from equation 2 by the dynamic responses for the latent and observed factors. Since the FAVAR framework relies upon "generated 11 As we are identifying the structural monetary policy shocks by assuming heteroskedasticity across monetary policy event and non-event days, the order of the variables in our VAR is for convenience only. See Wright (2012) for more details.
12 See Wright (2012) and Gabriel and Lutz (2014) and the references therein for more details.
regressors," confidence intervals are computed using the two-step and stationary block bootstrap techniques of Kilian (1998) and Politis and Romano (1994) . As in Wright (2012), we set the block length to 10 days. Note that we also apply the Kilian bias correction to the VAR point estimates.
Lastly, we employ statistical tests to ensure that the variance-covariance matrices of reduced-form errors are indeed heteroskedastic across event and non-event days and that there is a single monetary shock. First, we assess the null hypothesis that Σ 0 = Σ 1 . The relevant test statistic is as follows:
Clearly, a rejection of the null will indicate heteroskedasticity across event and non-event days. The null will be evaluated based on a bootstrapped distribution. To test for a single monetary shock we evaluate the hypothesis that Σ 1 − Σ 0 = R 1 R 1 ; where failure to reject the null will provide support for a single monetary shock. The corresponding test statistic is
Significance is evaluated based a bootstrapped distribution using the two-step bias adjusted bootstrap of Kilian (1998).
Data
We consider 48 13 In our main results, we identify the structural monetary policy shocks using all 48 events over the sample period; section 4 below extends 13 The list of event days is extended from Glick and Leduc (2013) and Wright (2012).
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our main analysis and uses just the 15 major events listed in table 1 for identification.
To assess the effects of unconventional monetary policy on uncertainty, we consider a broad dataset within the our structural FAVAR model. The data include uncertainty measured through the VIX index and related implied volatility measures, news based uncertainty proxies, and several other macro and financial and variables. In appendix C, we show a complete list of the variables used in this study, the variable definitions, data transformations, and the data sources. The data are measured at the daily frequency.
We discuss the most relevant data in the following sections in turn.
Uncertainty-VIX Indices
First, we consider uncertainty via the VIX indices. The standard VIX index is defined as the expected variance of S&P500 returns over the next 30 days and is measured from S&P500 options. Following Bekaert, Hoerova, and Lo Duca (2013), we consider the log of the VIX indices. Table 2 shows the correlations of the daily log-transformed VIX indices. The top five rows of the table display the correlations of the VIX indices that track implied volatility for the S&P500 (the standard VIX index), the Nasdaq100, the Russell2000, and the DJIA. These results also include the VIX 3 Month, which captures the implied volatility of the S&P500 over a longer time period. As expected, these series are all strongly related over the sample with correlation coefficients that all exceed 0.9. Thus, 
News Based Uncertainty
In addition to the VIX indices, this study also employs news-based uncertainty measures as in Baker, Bloom, and Davis (BBD; 2013). These measures cover economic policy uncertainty, as well as uncertainty in equity and housing markets. The policy and equity market uncertainty variables are from BBD, while we build an indicator of housing and mortgage market uncertainty by extending BBD's methodology. BBD construct their economic policy uncertainty index (henceforth, Policy Uncertainty) at the daily frequency by identifying the number of news articles from the NewsBank Access World News database that contain the words "uncertainty" or "uncertain," and "economic"
or "economy" along with a government related term including "legislation," "deficit,"
"regulation," "congress," "federal reserve," or "white house." They then standardize the number of articles that match their search criteria by the number of articles written. Similarly, BBD construct the equity market uncertainty index (henceforth, Equity Uncertainty) by identifying the portion of NewsBank articles that contain the words "uncertain" or "uncertainty," "economic" or "economy," and one of the following terms:
"equity market," "equity price," or "stock market."
To build our housing uncertainty index, we extend BBD's methodology to housing and mortgage markets. We query the NewsBank database for the portion of news articles that contain the words "uncertainty" or "uncertain," and "economic" or "economy" along with the housing or mortgage related keywords "housing market," "housing price," "house price," or "mortgage rate." In line with BBD, this measure will represent uncertainty in housing and mortgage markets (henceforth, Housing and Mortgage Uncertainty).
Lastly, as with the VIX indices described above, we consider the log the news-based Lastly, the news-based uncertainty measures are all loosely positively correlated with coefficients that range from 0.25 to 0.37. As above, all of these correlation coefficients are all statistically significant at the 1 percent level.
Other Data
In addition to the uncertainty proxies, a number of other daily time series are used to capture the evolution of financial markets over the sample period. These series span debt, equity, and real estate markets. The complete dataset is listed in table 5 of the data appendix. Our data include key interest rate series including the 2-year zero coupon Treasury, the 10-year zero coupon Treasury, the five-year TIPS breakeven, the five-toten-year forward TIPS breakeven, the Moody's Aaa and Baa Corporate Bond yields.
Our data also contain key equity return series including those that track the S&P500, DJIA, Russell2000, and Nasdaq100; and key housing and real estate series such as the log of the ABX and CMBX indices, the yields on Fannie Mae MBS, and the Fannie Mae commitment rate. The ABX and CMBX series track the cost to insure subprimemortgage and commercial real estate debt, respectively, and decrease as investors become more bearish on housing or commercial real estate performance. Further, the Fannie commitment rate is the required net yield on home mortgages to be sold to Fannie Mae by mortgage lenders. Lastly, we include a basket of exchange rates to track the response of the dollar to an unconventional monetary policy shock. In total, the set of controls includes 23 important financial time series and thus is likely to span the information sets used by practitioners and policymakers over the sample period.
Main Results

Using our dataset consisting of 33 daily time series ranging from November 2008 to
December 2013, we estimate the FAVAR model and identify structural monetary policy shocks through the assumption of heteroskedasticity across monetary policy event and non-event days. Here, we consider 48 policy events in total that cover QE1, QE2, QE3, and the recent taper period. Below in section 4, we consider a number of robustness checks and extensions including those that entertain alternative factor and lag specifications and only major monetary events. The results are similar across model specifications.
Estimation of Latent Factors
To estimate the FAVAR model and calculate the corresponding impulse response functions, we first must specify the number of latent factors in the observation equation. Here, we follow BBE and BGM and use five latent factors. Below in section 4, we consider both larger and smaller factor specifications; the results are similar. In total, the five latent factors and the six observed factors combine to yield 11 total elements in C t , the common component. From there, we estimate equation 2 via principal components and retain the factor loadings and the common component. Table 3 shows the portion of the variation of the informational time series explained by the common component as measured by the R 2 and adjusted R 2 statistics. In general,
the common component appears to capture the evolution of financial markets over the sample period. As the common component explains over 85 percent of the variation in the equity return series, the real estate variables, and the exchange rates. The R 2 statistics are all above 0.8 for the VIX indices and the common component explains over 50 percent of the variation in the news-based uncertainty measures. Altogether, these results suggest that five latent factors is sufficient to capture the dynamics of the key financial variables over the sample period.
Estimation of the VAR and Identification of the Structural Monetary Policy Shocks
Next, we estimate the reduced-form VAR in equation 3 with the common component, C t . shock to lower the yield on the 10-year Treasury by 10 basis points instantaneously. The middle column shows the dynamic responses for the equity market return proxies and exchange rate variables. The equity market variables include the returns on the S&P500, the Dow Jones Industrial Average, the Russell2000 index of small-cap stocks, and technology laden Nasdaq100. Clearly, an expansionary unconventional monetary policy shock has a large and positive effect on equity prices: A surprise unconventional monetary easing that lowers the yield on the 10-year Treasury by 10 basis points instantaneously is associated with an increase in the returns on the S&P500 and DJIA of 14.3 and 12.6 percentage points, respectively; an increase in the Russell2000 of over 18 percent; and a jump in the Nasdaq100 of over 14 percent. In total, these findings match the views of practitioners and policymakers who have both asserted that expansionary unconventional monetary policy actions lift asset prices in equity markets. This suggests that the effects of a surprise unconventional monetary easing are smaller for Treasury uncertainty relative to equity market uncertainty as this same shock leads to a decrease in equity uncertainty of more than one standard deviation. Moreover, the initial impact of the shock attenuates less quickly in Treasury markets relative to equity markets as the estimated half life for the Treasury VIX IRF is 21 days. In comparison, as noted above, the estimated half-life for the IRF in the VIX index is just 8 days. Lastly, the upper confidence bound crosses the zero line after 55 days and the effect of the shock nearly completely dies off after 100 days.
Financial Market Variables
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The top plot in the right panel shows the IRF for the log of the Euro VIX. Our findings indicate that the log of Euro VIX falls by over 28 basis points after the first day.
In comparison, the standard deviation of the log of the Euro VIX is 0.29. Thus, unlike the standard VIX index, the results indicate that an unconventional monetary policy shock that lowers the yield on the 10-year treasury by 10 basis points leads to a reduction in the Euro VIX of just less than one standard deviation. A surprise unconventional monetary policy easing therefore leads to larger reductions in equity market uncertainty than exchange rate market uncertainty. These effects die off with an estimated half-life of approximately just 27 days, suggesting that the initial impact of the shock lasts longer in Treasury markets than in equity markets.
In the following three plots in the right column of figure 2 , we present the dynamic responses for the DJIA VIX, the Russell2000 VIX, and the Nasdaq VIX. In general, the results are similar to those obtained above using the standard VIX index based on the S&P500: An expansionary unconventional monetary policy shock dampens uncertainty in the markets for large stocks (DJIA VIX), small stocks (Russell2000 VIX), and technology stocks (Nasdaq VIX). Also in line with the above equity uncertainty proxies, we find that the results attenuate relatively quickly with estimated half-lives for the dynamic responses for the DJIA VIX, the Russell2000 VIX, and the Nasdaq VIX of just 8, 12, and 9 days, respectively. Finally, the effects of the shock nearly completely dissipate after 100 days.
The last plot in the bottom-right panel of the figure shows the dynamic response for the VIX 3 Month. Recall that VIX 3 Month index is the implied volatility for the S&P500 over the next 93 days; yielding a longer-term proxy for uncertainty over the sample period. 21 Congruent with our above results, the findings indicate that an unconventional monetary policy shock that reduces the yield on the 10-year Treasury by 10 basis points dampens the log of the VIX 3 Month index by nearly 42 basis points.
From there, the effects of the shock attenuate fairly fast with an estimated half-life of 13 days. Then, the upper confidence bound crosses the zero line after 54 days and the effect of the shock (as measured by the point estimates) nearly completely diminishes after approximately 100 days.
Overall, the dynamic responses from this section imply that expansionary unconventional monetary policy shocks lead to large reductions in economic and financial market uncertainty. These results span various markets and data methodologies. Yet we find that the reductions in uncertainty differ in magnitude across asset classes, are largest for equity markets, and that the initial impact of the shock persists the longest in Treasury and currency markets. Last, our results indicate that the effects of unconventional monetary policy shocks on uncertainty diminish relatively quickly and dissipate within approximately 100 days.
Forecast Error Variance Decomposition
Another way to assess the impact of unconventional monetary policy shocks on uncertainty is through the forecast error variance decomposition (FEVD). The FEVD is used throughout the VAR literature and is the portion of the forecast error variance attributable to the monetary policy shocks. We calculate the FEVD for both the observed Overall, the findings in this section are congruent with our results obtained using impulse response functions: Unconventional monetary policy shocks have a large initial impact on uncertainty across markets, but these effects differ in magnitude across asset classes and are largest for equity markets.
Extensions and Robustness Checks
In this section, we extend our baseline analysis to assess the robustness of the results.
These extensions include several alternative specifications for the latent and observed factors, a different lag specification for the reduced-form VAR, and a more strict definition of monetary events that only includes the most important dates as suggested by table 1. Overall, the findings based on these extensions, which are in appendix D, are similar to those discussed above, indicating that our results are robust to various alternative specifications and a different set of dates used in the identification of the structural monetary policy shocks.
Alternate Latent Factor Specifications
First, we consider alternate latent factor specifications. Figures 3, 4 (2) the IRF for policy for Policy Uncertainty is initially negative in all three alternate latent factor specifications.
Other Observed Factor Specifications
Next, figures 6, 7, 8 in appendix D, show the results when (1) only government bonds are used as observed factors; (2) the S&P500 and the VIX are included in the set of observed factors (and the corporate bond yields are relegated to the set of informational time series); and (3) when the 3-year Treasury, rather than the 2-year Treasury is included in the set of observed factors. In this last specification, we replace the 2-year Treasury with the 3-year Treasury as Swanson and Williams (2013) provide some recent evidence that the 2-year Treasury was constrained the zero-lower bound over our sample period. In total, the results are qualitatively similar and shape of the IRFs matches those described above, but the estimated size of the effect is smaller in magnitude.
AIC VAR Lag-Length Specification
In figure 9 , we show dynamic responses when we select 3 lags for the reduced-form VAR as suggested by minimizing the Akaike Information Criterion (AIC). Overall, the findings indicate that expansionary unconventional monetary policy shocks lower uncertainty across markets. Yet when we use this alternate lag length specification, the initial effect 25 of the shock on uncertainty is smaller in magnitude.
Major Monetary Policy Events
Lastly, we entertain an alternative set of events in the identification of the structural monetary shocks. More specifically, only the major announcements listed in table 1 are used as monetary policy event days. These events include the announcements surrounding the various rounds of QE and the subsequent taper period. Figure 10 shows the results.
In general, the results are qualitatively similar to those discussed above, but the effects are larger in magnitude. This latter finding is congruent with Wright (2012) who also finds larger effects when considering only major unconventional monetary events in the identification of structural monetary shocks.
Conclusion
During the recent period of unconventional monetary stimulus, both practitioners and policymakers questioned the real economic effects of non-standard policy tools, such as Quantitative Easing. 23 Hence, determining the effects of unconventional monetary policy on uncertainty is crucial to disentangling the effects of unconventional monetary policy on the real economy as lower uncertainty is associated with higher levels output, employment, and productivity. In this paper, we use a structural factor-augmented vector 24 Although this period extends beyond our sample, these changes may be explained in part by the results in this paper as they suggest that contractionary unconventional monetary policy shocks increase financial and economic uncertainty. We leave a deeper analysis of these recent events for further research.
24 See, for example, "Are We Headed for Recession?" Bloomberg News; January 21, 2016.
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Notes: See the notes to figure 2. Only major events are used in the identification of monetary policy shocks.
